Traumatic injuries to immature permanent teeth are common and the results can be destructive. Although Hertwig' s epithelial root sheath is usually sensitive to trauma, it may resist damage from trauma thereby retaining its vitality and continuing to calcify a root under favorable conditions. This case report describes two cases of trauma to immature permanent incisors. The first case presents an avulsed maxillary central incisor which has been replanted. The other case shows completely avulsed mandibular central incisors which have not been replanted. However, both cases subsequently show continued growing roots separated from the main roots.
. Of all dental injuries, tooth avulsion can result in serious complications, such as loss of pulp vitality and root resorption 2) . Stem cells from the apical papilla (SCAP) are generally considered crucial for proper development of tooth roots 3) . Many studies have reported continued root formation following trauma or infection and have highlighted the importance of Hertwig' s epithelial root sheath (HERS) in continued root growth [4] [5] [6] [7] [8] [9] . HERS is usually vulnerable to trauma; however, in some circumstances, it may survive and retain its ability of root organization 10, 11) . Several reports have described that a separate root tip is developed apically to the existing root of immature tooth after trauma [4] [5] [6] [7] [8] [9] . These reports have speculated that the detachment of SCAP and HERS by a traumatic episode accounts for the development of a separate root tip. Continued root growth in immature tooth with an infected pulp also has been reported even though the underlying mechanism is still unclear 12) . This case report shows continued root development apart from the main roots after avulsion of immature permanent teeth and emphasizes the reparative power of immature pulp and HERS to complete their program of root formation. The access cavity was prepared after tooth isolation with rubber dam. Then, a necrotic pulp was found. The canal length was determined by a parallel preoperative periapical radiograph. The canal was cleaned with #40 K-file and 5.25% sodium hypochlorite (Sultan, USA) 1mm short of the radiographic apex. The canal was dried with sterile paper points and a mixture of calcium hydroxide powder and saline was placed into the canal with a lentulo spiral. The access cavity was temporally sealed with Cavit (ESPE, Germany) and cotton pellet.
The patient returned one week later. She was asymtomatic and the sinus tract was not present. The access cavity was opened and the canal again was irrigated with 5.25% sodium hypochlorite and saline. The canal was dried with sterile paper points and filled with Vitapex (Neo Dental, Japan). The tooth was restored with a dentin-bonded resin composite (Tetric ceram, Liechtenstein) (Fig. 1b) .
At the 3-month recall after the accident, the patient was asymptomatic. However, interestingly enough, there was evidence of a developing radiopaque mass apical to the root end of the left central incisor on a periapical radiograph (Fig. 1c) .
One year later, a periapical radiograph revealed continued development of the radiopaque mass which appeared to be surrounded by a radiolucent band and radiolucent central core, similar to the appearance of the periodontal membrane and pulp canal of a root (Fig. 1d) .
Two years later, a periapical radiograph showed progressive enlargement of the radiopaque mass with calcific change within the pulp canal. Also, we could find bony invasion within the pulp canal space of the right central incisor (Fig. 1e) . into their sockets as she lost the teeth (Fig. 2a) .
At the 3-month recall, the soft tissue had completely healed based on a clinical observation and the periapical radiograph indicated normal empty healing sockets with no evidence of residual dental hard tissue (Fig. 2b) .
A review at 6 months after the initial accident showed the normal soft tissue architecture. However, a periapical radiograph taken at the time revealed the formation of developing radiopaque masses on the areas corresponding to the sockets (Fig. 2c ).
One year after the teeth had been lost, the development of the radiopaque masses continued without any sign of pathological changes. Well-defined periodontal ligament spaces could be traced within the alveolar bone (Fig. 2d) . The soft tissue was clinically normal and the alveolar bone contour was in excellent condition.
Ⅲ. Discussion
Generally, HERS is considered responsible for the development of a tooth root. It may be involved in regulating the differentiation of odontoblasts or cementoblasts that could give rise to further hard tissue formation 13, 14) .
In addition, HERS may also play a role in preventing the invasion of periodontal ligament cells into the root canal, otherwise it would result in intracanal bone formation or partial/complete arrest of root development 4) .
Apical papilla, located apical to the developing pulp, is gelatinous soft tissue that is easily detached from the root apex 15, 16) . Mesenchymal stem cells on apical papilla lead to root development, even in case of pulpal necrosis in immature teeth 3) .
Greer et al. 17) reported that the pulp remnants left in the socket of an avulsed tooth led to continued development of root and calcification of dentin and cementum.
Histological or microscopic observation on the tooth sockets was not part of our case report but it is supposed that the pulp remnants from the avulsed teeth continued to function to complete mineralization of roots with remaining HERS.
It is believed that normal root development and odontoblastic differentiation would cease upon the destruction of HERS. However, some studies reported continued root formation after trauma and sometimes even after infection [4] [5] [6] [7] [8] [9] . In other reports, a separately growing root tip was observed in the apical area of the main root end after trauma to an immature tooth, as SCAP and HERS can easily be detached by an external force due to their loose attachment to the apex [5] [6] [7] [8] [9] .
Yang et al. 18) addressed that apexification treatment could result in such detachment of the tissue from the main root. Also, an excessive tooth mobility associated with pulpal infection is reported to be another contributing factor for separation force 12) . In our case report, the external force directly related to a traumatic episode is regarded as accountable factor for the detachment be- In histologic evaluation, Yang et al. 18) revealed that the separate root tip was composed of normal pulp, predentin, dentin, and cementum, whereas the apical barrier of the main root appeared to be composed of osteodentin, immature cementum, or immature bone. In this case report, histologic exanimation was not performed.
However, further histological evaluation could be carried out if the separated roots be removed.
The management of separate root fragments may be a awkward matter to the clinician. While Welbury and Walton 9) removed the similar root tips due to associated infection, Greer et al. 17) and Arrow 19) did not remove the separated root fragments as they did not developed any complications. Also, in this case report, removal was not 
Ⅳ. Summary
HERS is necessary for normal root development. After avulsion injury to an immature tooth, HERS can be detached from the coronal part and create a separated root tip. This case report describes the separate root growth after trauma to immature teeth and highlights the importance of HERS in continued root formation.
